ABSTRACT
INTRODUCTION
Numerous articles have been published concerning the influence of age on the development of the exocrine pancreatic function in calf and lamb. It is generally accepted that both the pancreas weight Aliev & Gagarina, 1984) and the volume of pancreatic juice secreted Gusakov & Kuryshka, 1985) increase as the animal matures. Studies performed by Thivend et al. (1980) in several preruminant species have also shown that the digestive enzyme system is not yet completely developed in the newborn animal. Thus, the activity of these enzymes is low at birth, although the concentration of both total protein and individual pancreatic enzymes increase thereafter, with advancing age (Guilloteau & Toullec, 1983; Gusakov & Kurishka, 1985) .
To our knowledge, nobody to date has performed similar studies in the goat. The present study was designed to examine the relationship between age and the development of the exocrine pancreatic secretion. The latter was characterized in terms of volume and composition of the juice secreted, both under resting conditions and in response to feeding with goat milk.
MATERIALS AND METHODS
Fifteen preruminant Granadina breed goats were used. After being fed on colostrum during two days, all kids were separated from their dams and housed in especially designed cages in a temperature controlled room (24 Ϯ 2°C). From this moment, the animals were bottle-fed on goat milk twice a day. The composition, acidogramme and aminogramme of the goat milk used are the same as those previously used in a study on biliary secretion in goats (Rueda et al., 1996) .
Surgical preparation.
After an adaptation period to the new situation, each animal was chronically catheterized to obtain samples of pure pancreatic juice according to a technique developed in our laboratory (Naranjo et al., 1986) . Briefly, following a 24 hours fast, the animals were anaesthetized with a 20 mg/kg body weight dose of sodium pentobarbitone, administered through a catheter inserted into the jugular vein. Endotracheal intubation was performed under direct laryngoscopic vision using a Rush-type tube and anaesthesia was maintained in a open circuit with a mixture of oxygen, nitrous oxide and halothane. The bile duct was exposed through a right costal-paradorsal incision and the pancreatic duct was localized. Three R Silastic medical catheters were inserted: catheter A was directed towards the liver above the pancreatic duct entry, making sure that it did not pass the cystic duct; catheter B was directed towards the liver but below the pancreatic duct entry; catheter C was directed towards the duodenum but preserving the normal function of the sphincter of Oddi. The catheters were brought out to the body surface through stab wounds in the lateral abdominal wall and were connected so as to allow the free passage of both secretions into the duodenum. The surgical procedure was performed at 4-5 days of age in group A of animals (n ϭ 5), at 12-13 days of age in group B (n ϭ 5) and at 20-21 days of age in group C (n ϭ 5). Experiments started 48 hours after surgery, such that we were allowed to study the development of the exocrine pancreatic secretory function with advancing age: second, third and fourth week from birth (Groups A, B and C, respectively).
Experimental design. Pancreatic juice was sampled from 1 hour before (basal secretion) and throughout 8 hours after goat milk ingestion, with a 48 h rest period between experiments. The juice was collected into polyethylene bags of known weight. Aliquots were taken from each sample and stored at Ϫ20°C until analysis. Bicarbonate assessments were carried out immediately. The remainder of the juice collected in one unit of time was continuously reinfused into the duodenum.
Assays. Pancreatic juice flow was gravimetrically assessed taking density as 1 (Hoffman, 1967) . Pancreatic bicarbonate concentration was determined by titrating to pH 7.0 with 0.01 N NaOH, according to the method described by Debas and Yamagishi (1978) , the results being expressed as mEq/l. Chloride concentration was estimated by potentiometric titration with 0.01 N silver nitrate and expressed as mEq/l. Total protein content was assessed according to the procedure of Lowry et al. (1951) and expressed as mg/ml. Amylase (EC 3.2.1.1.) activity was measured by hydrolysis of starch substrate and determination of the amount of maltose released, in accordance with the technique described by Hickson (1970) . The results were expressed in units of activity as defined by the latter. Lipase (EC 3.1.1.3) activity was assessed by titration to constant pH (8.50) with emulsified triolein as substrate, being expressed as µmol fatty acids released per minute at 27°C (Rathelot et al., 1975) . After activation with trypsin (EC 3.4.21.4), chymotrypsin (EC 3.4.21.1.) activity was determined by titration at a constant pH (7.90) with 0.1 N NaOH and acetyltyrosine ethyl ester (ATEE) as the substrate. Activity was expressed as µmol ATEE hydrolyzed per minute at 27°C (Reboud et al., 1962) .
Analysis of data.
Results are expressed as mean Ϯ SEM. Statistical analysis was carried out by using the SPSS statistical package. The significance of the differences within each group, between basal and postprandial values, was determined by one way analysis of variance. For comparison between the different groups, the Student t-test was employed. Correlation and plot procedures were applied to perform the correlation analysis and calculate the correlation coefficients (r). P values lower than 0.05 were considered as significant.
RESULTS

Volume and electrolytes.
In resting conditions, the pancreatic flow rate reached mean values equal to 22.2 Ϯ 4.10, 27.8 Ϯ 3.25 and 31.6 Ϯ 2.66 µl/min at the second, third and fourth neonatal weeks respectively (Table 1) , evidencing a statistically significant positive linear correlation with age (r ϭ 0.63; P Ͻ 0.05). Basal bicarbonate and chloride concentration did not change with age (Table 1) .
As far as the volume response is concerned, the secretory pattern after the ingestion of milk was qualitatively similar in all the three groups, so that maximum flow rate values were achieved at the first postprandial hour, remaining afterwards elevated over basal throughout the experimental period (Fig. 1) . However, several quantitative differences were revealed between the groups. In this way, in animals aged two weeks (group A), the postprandial increase in the secretory volume of pancreatic juice failed to reach statistical
significance as compared with the resting value for this parameter. On the contrary, a marked and significant (P Ͻ 0.05) rise was recorded in the three week-old kids (group B), with flow rate values significantly higher (P Ͻ 0.05) than the basal ones until the 8th postprandial hour. The response found in the four week-old animals (group C) was similar to that observed in those aged three weeks, but only at the two first hours after feeding. Thereafter, the secretory volume showed a gradual decline to approach resting values (Fig. 1) . The changes in the bicarbonate concentration in the juice secreted in response to food were similar to those mentioned regarding the flow rate although, as a difference, in all the experimental groups the values kept significantly (P Ͻ 0.05) elevated as compared to the basal ones until the end of the study period (Fig. 2) . The chloride concentration changed with the mirror image of that of bicarbonate. Milk ingestion led, regardless the age, to a decrease which became significant from the first postprandial half hour and tended to return to values close to the basal ones at the end of the experiment (Fig. 2) .
Organic components. In the absence of stimulation, the total protein content in the juice secreted during the second, third and fourth neonatal week was 15.0 Ϯ 1.89, 12.0 Ϯ 1.41 and 17.0 Ϯ 0.94 mg/ml respectively, with significantly (P Ͻ 0.05) greater values in the four week-old animals than in those aged three weeks (Table 1) . On the other hand, the different enzyme activities considered evolved differently with age. Thus, basal chymotrypsin activity was hardly modified during the lactation period while amylase and lipase activities were significantly (P Ͻ 0.05) increased in the fourth week of life (Table 1) .
Total protein content (Fig. 2) in pancreatic juice showed no significant change after food intake in either 146 AGE AND PANCREATIC SECRETION IN PRERUMINANTS Table 1 . Flow rate and composition of the pancreatic juice secreted in resting conditions by goat kids during the second (Group A), third (Group B) and fourth (Group C) postnatal week. group as compared to basal values. With regard to the effect of age, significantly (P Ͻ 0.05) higher values were recorded during the fourth week of life, in the same way as in resting conditions (Fig. 2) . Concerning the enzyme outputs, the ingestion of milk evoked the characteristically food-mediated response, which was similar whatever the age or the enzyme considered. Thus, oral feeding induced a pronounced and generally significant increase at 30-60 min postprandially followed by a decrease, although values kept elevated over basal during the remainder of the postprandial period (Fig. 3) . When analysing the response to food at the different ages and from a quantitative point of view, some differences are found. For instance, whereas age had no marked effect on chymotrypsin output, lipase output augmented with age, the higher values being reached in the four week-old kids (Fig. 3) .
DISCUSSION
Volume and electrolytes. In the absence of stimulation, the pancreatic flow rate increased with age, evidencing a statistically significant positive linear correlation between both parameters. These results are in accordance with those reported by Gusakov and Kuryshka (1985) in calves, and by in lambs. Moreover, the existence of a significant positive linear correlation between age and body weight (r ϭ 0.79; P Ͻ 0.05) as well as between age and pancreatic weight (r ϭ 0.72; P Ͻ 0.05) suggests that the above mentioned increase in the unstimulated volume of pancreatic juice may be mainly associated with an agerelated increase in both the body weight and the pancreas weight. In fact, bicarbonate and chloride concentrations in the juice secreted in resting conditions did not vary with advancing age, so then their correspondent outputs would augment with age, reflecting the changes in the flow rate. The secretory pattern after the ingestion of milk, as measured by the flow rate and the electrolyte concentrations, seems to indicate the presence in these animals of a continuous abomasal emptying and a consistently acid pH in the proximal duodenum. Experiments performed by Toullec et al. (1971) and Smith and Sissons (1975) in calves, as well as those carried out by Hernandez-Clua et al. (1988) in goat kids, evidence a continuous emptying of milk that lasts until the end of the 8 hours experimental period. Such emptying reaches maximum values during the first three postprandial hours. Moreover, Hernandez-Clua et al. (1988) record pH values consistently below 4.5 in the digesta leaving the abomasum during the entire period. It has been reported (unpublished data) that the duodenal infusion of a 0.1 N HCl solution (pH Ͻ 5) induces an increase in pancreatic flow rate in anaesthetized goat kids. The above data along with the postulated pH threshold for secretin release, equal to 4.5 as reported by Chey and Konturek (1982) , imply that this hormone is being released throughout the postprandial period, thus explaining the pancreatic response observed in the current study. The changes in the bicarbonate and chloride concentration in pancreatic juice after the ingestion of milk also confirm the existence of a secretin-like effect. The intravenous administration of secretin to anaesthetized goat kids evokes an increase in pancreatic flow rate as well as changes in the electrolyte content similar to those observed in conscious animals after food ingestion. However, the possible influence of cholecystokinin (CCK) on the postprandial response observed in our experimental conditions can not be ruled out, since Guilloteau et al. (1986) have reported a rise in the plasma levels of this hormone following milk ingestion in the calf, which is maintained for at least the first four postprandial hours. It has also been shown in goat kids (Hernandez-Clua et al., 1988) that the abomasal emptying of milk fat and protein reaches maximum values during the first hours after ingestion. Furthermore, the intravenous administration of CCK to anaesthetized goat kids (unpublished data) induces a rise in the volume of pancreatic juice secreted. Thus, the maintenance, in our study, of total protein content in the juice throughout the postprandial period and the subsequent increase in its output, support the participation of CCK in the volume response observed.
The differences in the secretory response of the exocrine pancreas in relation with the three ages considered were similar to those found by Ternouth and Buttle (1973) in calves during similar lactation periods as experienced by us. We consider that the lower volume response in the two week-old animals can be attributed, on one hand, to a lack of maturation in the secretory mechanisms of the gland and, on the other hand, to a decreased response to those secretory stimuli released by the presence of food in the digestive tract. This explanation does agree with the results obtained by Auricchio et al. (1965) in newborn humans and with those from Thivend et al. (1980) in preruminants, evidencing the absence of a complete development of several digestive functions during the first days of life. The greater response observed from 148 AGE AND PANCREATIC SECRETION IN PRERUMINANTS the third postnatal week onwards could result from an increase, with age, of the circulating levels of some gastrointestinal hormones, as reported by Le HuerouLuron et al. (1992) . Finally, the differences found between the third and fourth week of life could be explained by changes in the pattern of abomasal emptying subsequent to the progressive development of the pre-stomachs and, then, to the relative importance that the different cavities acquire.
Organic components. Some differences have become apparent between monogastrics and ruminants as to the levels of proteolytic enzymes at birth. Such levels are low in monogastrics (Robberecht et al., 1971; Corring et al., 1978) and high in preruminants (Sauvant, 1971) and do not further change during the lactation period in the latter. In this way, the goat exhibits the same pattern as other ruminant species. The above mentioned differences with respect to the monogastric animals could be due, at least in part, to the existence in nonruminants of an intracellular proteolysis process during the first neonatal days (Hahn & Koldowsky, 1966) , that is not acquired in newborn ruminants.
In both monogastric and ruminants, the levels of amylolytic enzymes in pancreatic juice are quite small during lactation, probably reflecting the lack of starch in the milk. However, a moderate increase is observed at the end of this period, which suggests a maturation process before the immediate change of diet (Ulbrich et al., 1981; . In our goat kids, resting amylase levels remained low through lactation, although a significant increase was recorded during the fourth week of life. Anyway, besides the transit to a different diet, the profound modifications produced at this moment as to the digestive physiology (Le HuerouLuron et al., 1992) could also explain the evolution of the amylase levels with age.
With regard to the lipolytic activity, it has been reported to be slightly lower throughout lactation than the proteolytic one in all the species that have been investigated up to now, that is to say, nonruminants (Corring et al., 1978) and ruminants (Ulbrich et al., 1981) . This seems logical when considering the importance of salivary lipase in dietary fat digestion during this period (Ternouth et al., 1974; Edwards-Webb & Thompson, 1978; Widdowson, 1984) . Nevertheless, and in accordance with the findings from Sauvant (1971) in the calf, the salivary lipase levels decrease quickly down to a minimum just during the fourth week of life. This fact explains the significant increase in lipase activity in the pancreatic juice secreted in the absence of stimulation by our four week-old kids, despite the enzyme levels were still lower than in the adult animal, and it also agrees with the hypothesis set forth by Gooden and Lascelles (1973) , who postulated that salivary lipase becomes gradually subsidiary of pancreatic lipase with advancing animal development.
The increase in the different enzyme outputs evoked by oral feeding was maintained during the entire postprandial period. This is not surprising when taking in account the existence of the above mentioned continuous abomasal emptying, that usually lasts until the end of the 8 hour period (Hernandez-Clua et al., 1988) . This implies that those secretory stimuli which affect the volume and electrolyte secretion as well as that of organic compounds, are acting throughout the experiment.
Concerning the influence of aging upon the pancreatic response to milk ingestion, as measured by the enzyme outputs, different behaviors became apparent depending on the enzyme considered. At the same time, the patterns were parallel to those found in resting conditions. Thus, lipase output increased with age, probably in association with the decrease in the salivary lipase levels, as indicated previously. Postprandial chymotrypsin output was similar in all experimental groups, in the same way as in absence of stimuli. Finally, amylase output after food ingestion was low, due to the lack of starch in the diet. It is well known that the amylase level augments at weaning. This period consists of a gradual passage from a high-fat low-carbohydrate diet to a low-fat high-carbohydrate one. Moreover, the type of carbohydrate in the diet also changes, since milk contains mainly lactose whereas the new diet will be rich in starch. Accordingly, high-starch diets have demonstrated to induce both the pancreatic amylase synthesis and content through the stimulation of insulin release and so, greater circulating hormone levels (Brannon, 1990) .
